In this study, the flavor substances of soypaste were extracted by a simultaneous distillation method and identified by GC-MS. The characteristic aroma components of soypaste were determined by the GC-O technique and the FD value of the characteristic aroma components was determined by AEDA method. It could be inferred that the aroma of the soypaste should be attributed to the presence of heterocyclic compounds and organic acids, with the heterocyclic compounds playing a prominent role.
Introduction
Soypaste is a kind of special seasoning produced by microbial fermentation using soybean and wheat flour as the main raw materials. Traditional soypaste has a unique aroma due to the natural fermentation production method. However, the production of the soypaste suffers from a long production cycle, high costs and low output. Many soypaste manufacturers use artificial fermentation installations and other industrial fermentation processes to expand the scale of production and reduce the cost, but significant differences in aroma are noted by the consumers, which has also become a OPEN ACCESS major factor in markg acceptance. Thus, the aroma of soypaste is considered as one of the important indicators to evaluate the quality of soypaste.
Until recently, soypaste aroma research of was still in the development. The research was focused on the identification and the extraction methods of aroma components [1] [2] [3] [4] and the results only showed the aroma substances in the samples by similar methods such as solid-phase micro-extraction and the direct distillation method, which could not further specify which were the main flavor ingredients. As a result, it was difficult to establish the industrial standard from the aspect of the characristic aroma and the functions of different favor components in traditional soypaste still could not be determined. In this study, the flavor substances of soypaste were extracted by simultaneous distillation method and identified by GC-MS. Then the characteristic aroma components in the soypaste were determined by the GC-O analysis technique and the FD values of the characteristic aroma components were measured by the AEDA method. The results obtained could be used to understand the aroma of traditional soypaste and help standardize the modern product of soypaste.
Results and Discussion
The GC profile of the volatile components extracted from the soypaste by SDE (simultaneous distillation and extraction) is shown in Figure 1 . One hundred and eight eight components were detected in soypaste extracts, among which 103 compounds were identified by searching the MSDChem NIST02.1 MS library (similarity ratio >75%). Through the data processing system of the MSDChem ChemStation, the relative contents of the various components in the volatile oil were determined by the peak area normalization method and the identified compounds thus accounted for over 80% of the overall aroma components. In accordance with the order of the peaks, the main identified compounds were as follows: 2-methyl propionaldehyde (0.6568%), ethyl acetate (0.9856%), 3-butyraldehyde (4.4674%), ethanol (16.0962%), 2-methyl-1-propanol (0.5181%), formic acid ester (0.1137%), heptanal (0.0137), isoamyl alcohol (1.5799%), 2-pentylfuran (0.1063%), 2,5-dimethylpyrazine (0.2044%), 2,6-dimethylpyrazine (0.1038%), ethyl lactate (0.2514%), dimethyl trisulfide (0.1145%), 3-methylpyrazine (0.1862%), acetic acid (2.1983%), 3-methylthiopropionaldehyde (0.168%), furfural (7.5069%), 2-acetylfuran (0.2062%), benzaldehyde (0.9816%), 2-methylpropionic acid (0.9689%), 5-methylfurfural (0.7121%), phenyl-acetaldehyde (6.5578%), furfuryl alcohol (2.1997%), 3-methylpentanoic acid (7.0269%), ethyl phenylacetate (0.188%), guaiacol (0.6268 %), phenethyl alcohol (0.7545%), 2-acetylpyrrole (0.9778%), 4-ethylguaiacol (3.2858%), 4-ethylphenol (0.2072%) and palmitic acid ethyl ester (0.8126%). In this study, 103 volatile compounds were identified in traditional soypaste, mainly esters, alcohols, aldehydes, acids, ketones, and heterocyclic compounds. The contents of alcohols and acids were the highest, followed by the contents of esters and aldehydes. Although the contents of alcohols were high, they had a relatively high threshold, which made their contribution to the flavor small.
Esters were the main component present in the soypaste aroma volatile components, providing sweet bean paste, fruit fragrance, and a variety of floral aromas. The aldehydes and ketones had the lowest thresholds and produced fruit fragrances and nut aromas. The heterocyclic compounds were the main component of the cconstituted the main body of the baking aroma. High contents of some compounds such as ethyl acetate, benzoin aldehyde, 5-methylfurfural, benzene, acetaldehyde, furfural, 3-butyric aldehyde, 2,3,5-trimethylpyrazine, etc., some of which had been identified as flavor compounds, have been detected in the soypaste. The characteristic aroma components of the soypaste were determined by the GC-O technique. During the GC-O analysis, there were three professional evaluators to detect 22 kinds of odor active volatile compounds (Log3 FD> 1). These compounds were classified according to the sequence in Tables 1-5 . Many different odors were sniffed at the GC-O sniffing port, including coke flavor, fried potato flavor, fruit fragrance, flower fragrance, butter flavor and so on. All the compounds could be detected in GC-MS. The Log3 FD values of 18 compounds were more than 3. Of these 2,3,5-trimethyl-pyrazine (a strong aroma of fried potatoes), isovaleric (smelly sock smell), 4-ethylguaiacol (slightly sweet herbal incense), acetic acid Ding esters (strong fruit aroma), ethyl phenylacetate (similar to honey fragrant ester), phenethyl alcohol (sweet floral aroma), 3-methyl-pentanoic acid (sour herb smell, slightly green grass aroma), 2,6-dimethylpyrazine (roasted coffee, peanuts, potato aroma), furfural (sweet, roasted, woody), maltol (with butter, sugar, like a special focus fragrant aroma), lactic acid (mild cream aroma), benzaldehyde (bitter almond aroma), ethyl lactate (baked apple aroma), n-octanol (green fragrance, fruit, incense), 4-ethylphenol (phenolic wood aroma, slightly sweet aroma), 2,5-dimethyl-pyrazine (a strong focus scent), 2-acetylpyrrole (bread aroma) all had very high FD values (Log3 FD ≥ 4 ), which could account for the overall flavor of soypaste. Among them, the FD values of 2,3,5-trimethylpyrazine, isovalerate and 4-ethylguaiacol were as high as 2187 (Log3 FD = 7), which formed the bean flavor of the special paste aroma. According to the other similar studies [5] , 2,3,5-trimethyl-pyrazine and 4-ethylguiacol were thought to be the characteristic compounds in the fermented bean aroma. It could be broadly inferred that the characteristic aroma of the soypaste should be attributed to the heterocyclic compounds and the organic acids. The role of heterocyclic compounds was particularly prominent, constituting the basis of the soy flavor. The results of this study should help us to control the fermentation process and improve the aroma of soypaste. 
Conclusions
In this study, the flavor substances of soypaste were extracted by simultaneous distillation method and subjected to standard analysis by GC-MS. The characteristic aroma components of soypaste were determined by the GC-O technique, and at the same time the FD values of the characteristic aroma components were determined by the AEDA method. The results could be used to evaluate the quality of soypaste.
